How is it that the visual picture proceeds-if that is the right wordfrom an electric disturbance of the brain?-Charles S. Sherrington (Man on his Nature) Sir Sherrington's fundamental question (Sherrington, 1940 )-how visual information or indeed how any sensory information is processed in the brain-continues to captivate neuroscientists. Neurons use changes in electrical membrane potentials as their primary language. These alter internal calcium concentrations by activating voltage-gated ion channels. Calcium influx into presynaptic terminals, followed by neurotransmitter release, is key to transferring information across synapses. Considering the wealth of information contained within visual stimuli, dedicated neurons perform complex computations to extract features relevant for specific behaviors. However, the underlying principles have remained poorly understood. In this issue of Cell, Yang et al. (2016) develop a new strategy that combines in vivo two-photon imaging of genetically encoded voltage and calcium indicators in the same neuron subtype to tackle this challenge in the Drosophila visual system.
Motion cues are essential to animals for course stabilization and navigation, as well as detection of landmarks or moving objects within their environment. During motion processing, luminance changes between two points in time and space are compared. In Drosophila, this input is segregated into two parallel channels of neurons downstream of photoreceptors to efficiently extract directional information: the ON and OFF pathways for luminance increases and decreases, respectively. Since the development of a powerful theoretical framework to explain motion detection in insects (Hassenstein and Reichardt, 1956) , exciting progress has been made in uncovering its neural implementation (Fisher et al., 2015; Leonhardt et al., 2016; Takemura et al., 2013) . In the ON pathway, lamina neurons L1 contact medulla intrinsic Mi1 and transmedullary Tm3 neurons to transfer information to direction-selective T4 neurons that innervate the lobula plate. In the OFF pathway, L2 neurons talk to direction-selective T5 neurons via Tm1 and Tm2 neurons (Figure 1 ). However, where and how neuronal computations for ON and OFF motion detection are implemented is unclear.
Electrophysiological recordings cannot readily capture transformations in multiple subcellular compartments of a neuron. In contrast, imaging allows measurements of signals from regions inaccessible to electrodes. With this in mind, Yang et al. (2016) develop a two-photon compatible voltage sensor, Asap2f, an Accelerated Sensor of Action Potentials derivative (St-Pierre et al., 2014) . Here, a circularly permutated GFP is inserted into the extracellular loop of a voltagesensing domain from a Ciona intestinalis phosphatase. Membrane depolarization and hyperpolarization cause conformational changes, directly reporting voltage changes as decreases or increases of GFP signals, respectively. Exploiting the wealth of genetic drivers available in Drosophila, the authors express Asap2f in specific neuron subtypes to conduct stringent performance tests. Because Asap2f performs well under two-photon excitation, it provides the spatiotemporal resolution essential for collecting signals with sufficient amplitude, stability, signal-to-noise ratio, and rapid kinetics in tiny neurons with arborizations in several synaptic layers of a highly compact neuropil.
When tracking voltage responses within compartments of the same neuron, Asap2f reports changes in the cell body and dendritic and axonal arbors. Signals decay in amplitude, consistent with a passive spread of voltage changes in non-spiking neurons. By contrast, voltage measurements of interconnected neurons reveal that signals are differentially transformed as they pass across synapses. Both L1 and L2 hyperpolarize to light increments and depolarize to decrements. However, in the ON pathway, Mi1 and Tm3 respond with depolarizations and hyperpolarizations, consistent with previously observed sign inversions (Behnia et al., 2014) . By contrast, in the OFF pathway, Tm1 and Tm2 follow the L2 response with hyperpolarizations and depolarizations. Both responses similarly show slower, yet larger amplitudes, consistent with signal integration. Finally, the new sensor reports delayed peaks for Tm1 relative to Tm2, in line with previous theoretical models and electrophysiological recordings (Behnia et al., 2014) .
Next, the authors compare voltage and calcium responses within compartments of the same neuron, using Asap2f and the ultrafast GCaMP6f sensor (Chen et al., 2013) . Remarkably, intracellular calcium concentrations do not simply follow the decay of voltage signals. Instead, calcium responses appear compartmentalized, that is, they are different in their amplitude and kinetics, such as speed or mono-and biphasic responses, among distinct regions of the same cell. Finally, tests of visual inputs varying in contrast demonstrate that half-wave rectifications, i.e., the reduction of biphasic responses, occur for calcium responses in Mi1, Tm3, as well as Tm1 and Tm2 neurons. Together, these findings provide strong evidence that ON and OFF selectivity is mediated by voltage to calcium transformations at the level of these neurons. Sign inversion or preservation plus rectification of intracellular calcium render the L1/Mi1/ Tm3 pathway ON and the L2/Tm1/Tm2 pathway OFF selectivity, biasing T4 and T5 neuron responses toward the respective depolarizing visual input.
The unprecedented resolution afforded by both indicators revealed that voltage and calcium signals are distinct signals. Neurons may thus be polyglot to confer varying information to their postsynaptic partners in different synaptic layers. Uncovering the cellular and developmental mechanisms underpinning these distinct calcium responses will be an intriguing next challenge. These could include the differential regulation of the density, kinetics, or thresholds of voltagegated calcium channel types. In parallel, astrocyte-like glia may also contribute to differentially modulating calcium responses in synaptic layers. Considering that the split into ON and OFF pathways is shared with the vertebrate visual system and other modalities (Gjorgjieva et al., 2014) , the computations uncovered here could apply more widely. Another exciting application would be the analysis of voltage and calcium signal flows in neurons innervating several columns to assess receptive fields within synaptic layers. Finally, homeostatic mechanisms, involving alterations in intrinsic excitability and synaptic scaling, enable neuronal networks to maintain constancy in changing environments. The newly developed experimental system may prove a useful model to explore whether hardwired motion detection or other circuits use homeostatic mechanisms at the level of synaptic function. Motion detection involves neurons in the ON (L1, Mi1, Tm3, and T4, purple) and OFF pathways (L2, Tm1, Tm2, and T5, green). The use of genetically encoded indicators revealed that voltage signals are transformed into calcium signals with distinct amplitudes and kinetics depending on the neuron subtype and location of arbors in synaptic layers. ON and OFF selectivity emerges at the level of Mi1/Tm3 and Tm1/Tm2 neurons, requiring sign inversion and preservation of membrane potentials, respectively, in conjunction with half-wave rectifications of calcium responses.
